10/572646 

SF-1291 

1 

DESCRIPTION 

SPHERICAL COMPOSITE COMPOSITION AND PROCESS FOR PRODUCING 
SPHERICAL COMPOSITE COMPOSITION 

5 Technical Field 

The present invention relates to a spherical composite 
composition and to a process of producing a spherical 
composite composition. Specifically, the invention relates 
to a spherical composite composition with high sphericity 

10 comprising a resin comprising unsaturated vinyl units and a 
magnetic material, which was difficult to produce 
effectively in the prior arts, and to a process of producing 
a spherical composite composition which is obtained by 
adding a magnetic material to an aqueous medium containing a 

15 resin dispersed therein, dispersing the material in the 

medium, and then forming the dispersion into particles by 
spray drying. 

Background Art 

20 In general, a resin polymerized in an aqueous medium is 

solidified as described in JP-B No. 1967-22684. Further, 
for a process of obtaining a spherical composite composition 
comprising a resin and a magnetic material, generally a 
resin and a magnetic material are melted and kneaded, 

25 crushed, classified, and formed into a spherical shape. 
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However, there are problems that the process requires two or 
more production steps and that the obtained composition has 
a broad distribution of the average particle diameters, and 
it is not always satisfactory in a viewpoint of productivity. 
5 Especially, for a resin comprising acrylonitrile as a main 
component, there is a problem that thermal stability at the 
time of molding is so poor that the quality is lowered by 
thermal deterioration if melting and kneading are carried 
out with a magnetic material. In addition, for a resin 

10 having high viscosity at the time of melting, a load occurs 
on the molding machine when melting and kneading are carried 
out with the magnetic material, which makes production 
impossible or worse. 

Further, JP-A No. 1997-185184 describes a production 

15 process of dispersing a magnetic material in a resin. 

However, since this process involves solution polymerization, 
the range of the molecular weight to be controlled is narrow, 
and thus the kind of the monomer is restricted by the kind 
of the solvent. In addition, there are other problems such 

20 as a load in an environmental viewpoint by using the solvent, 
and the like. 

[Patent Document 1] JP-B No. 1967-22684 
[Patent Document 2] JP-A No. 1997-185184 
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Disclosure of the Invention 
Problems to be Solved by the Invention 

It is an object of the present invention to solve the 

above-mentioned problems and thus provide a spherical 

5 composite material comprising a resin comprising unsaturated 

vinyl units and a magnetic material, specifically a 

spherical composite composition produced by a simple and 

highly productive production process without the need of two 

or more production steps; and a process of producing the 

10 spherical composite composition. In particular, the 
invention provides a spherical composite composition 
obtained by adding a magnetic material to an aqueous medium 
containing a resin dispersed therein, dispersing the 
material in the medium, and then forming the dispersion into 

15 particles by spray drying; and a process of producing the 
spherical composite composition. 

Means for Solving the Problems 

The present inventors have studied extensively to solve 
20 such problems, and as a result, they have found that a 

spherical composite composition with high sphericity in the 
range of specific particle diameters is obtained by adding a 
magnetic material with a specific size to an aqueous medium 
containing a resin with specific the average particle 
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diameter dispersed therein, dispersing the material in the 
medium, and then forming the dispersion into particles by 
conducting spray drying under specific spray conditions to 
bind the resin with the magnetic material, which has led to 
5 completion of the invention. 

That is, the first aspect of the invention relates to a 
spherical composite composition which is made by adding (B) 
5 to 1,000 parts by weight of a magnetic material having the 
longest length in two-dimensional projection of 0.01 to 50 

10 join, relative to 100 parts by weight of a resin comprising 
unsaturated vinyl units having (A-l) a glass transition 
temperature of 50 to 150°C and (A-2) a weight average 
molecular weight of 10,000 to 1,000,000, which is 
characterized in that the average particle diameter is 1 to 

15 100 jam, and the sphericity is 0.7 to 1. 

The second aspect of the invention relates to a process 
of producing a spherical composite composition which is the 
obtained by adding (B) 5 to 1,000 parts by weight of a 
magnetic material having the longest length in two- 

20 dimensional projection of 0.01 to 50 |im, relative to 100 
parts by weight of a resin dispersed in an aqueous medium 
comprising unsaturated vinyl units having (A-l) an average 
particle diameter of 0.01 to 1 jjui, (A-2) a glass transition 
temperature of 50 to 150°C, and (A-3) a weight average 
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molecular weight of 10,000 to 1,000,000, dispersing the 
material in the medium, and then forming the dispersion into 
particles by spray drying, which is characterized in that 

the average particle diameter is 1 to 100 |iin, and the 
5 sphericity is 0.7 to 1. 

The feature of the present production process is that 
after adding the magnetic material to an aqueous medium 
having a resin dispersed therein and dispersing the material 
in the medium, drying and particle formation are carried out 
10 by spray drying at the same time. Therefore, the production 
process is very simple, has good productivity, and the 
obtained spherical composite composition has high sphericity. 

Effects of the Invention 

15 The spherical composite composition of the present 

invention has high sphericity, and can be suitably used in 
various applications such as a resin magnet, an electric 
wave absorption material, a magnetic shield material, and a 
developing agent and a toner carrier used in a developer of 

20 the electric photograph process. Furthermore, the process 
of producing a spherical composite composition of the 
invention is a production process which makes it possible to 
produce a spherical composite composition with high 
sphericity comprising a resin and a magnetic material, which 
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was difficult to produce effectively in the prior arts, 
whereby it is a production process which is very valuable 
industrially. 

5 Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be explained in 
detail . 

[Resin] 

The first aspect of the invention is a spherical 
10 composite composition with high sphericity comprising 

specific unsaturated vinyl units and a magnetic material, 
which can be effectively obtained by a production process of 
adding a magnetic material to a resin dispersed in an 
aqueous medium, dispersing the material in the medium, and 
15 then forming the dispersion into particles by spray drying, 
which is the second aspect of the invention. 

In the invention, the resin may be subjected to 
polymerization in an aqueous medium, or the powders after 
the production may be dispersed in an aqueous medium. 
20 However, considering the production of a resin having an 

average particle diameter of 0.01 to 1 |jm, polymerization in 
an aqueous medium such as emulsion polymerization and 
suspension polymerization is suitable in a viewpoint of 
productivity, and further preferred is emulsion 
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polymerization. The smaller average particle diameter of 
the resin dispersed in the aqueous medium is suitable for 
dispersing the magnetic material. However, with the average 
particle diameter of less than 0.01 nm, it is very difficult 
5 to produce a resin dispersed in an aqueous medium, and thus 
the practically preferable range is 0.01 pin or more. 
Further, if the average particle diameter is too large, 
homogeneous dispersion is difficult, and thus it is 
preferably 1 (am or less. From such points, the average 

10 particle diameter of the resin dispersed in an aqueous 
medium is 0.01 to 1 ^m, and preferably 0.1 to 0.5 urn. 

The above-mentioned resin comprising unsaturated vinyl 
units may be a homopolymer comprising one kind of the 
unsaturated vinyl units, or a copolymer comprising two or 

15 more kinds of the unsaturated vinyl units. Further, as the 

unsaturated vinyl units, mention may be made of, for example, 
an unsaturated nitrile unit, a (meth) acrylic acid alkyl 
ester unit, an aromatic vinyl unit and the like. 

As the monomer of the unsaturated nitrile unit, mention 

20 may be made of, for example, acrylonitrile, 

methacrylonitrile, oc-chloroacrylonitrile and the like, and 
furthermore, as the monomer of the (meth) acrylic acid alkyl 
ester unit, mention may be made of, for example, methyl 
(meth) acrylate, ethyl (meth) acrylate, propyl (meth) acrylate, 
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butyl (meth) acrylate and the like. As the monomer of the 
aromatic vinyl units, mention may be made of, for example, 
styrene, a-methyl styrene, vinyl toluene, vinyl xylene and 
the like. In addition, as the monomer of other 
5 copolymerizable unsaturated vinyl units, mention may be made 
of, for example, vinyl ether, vinyl ester, a-olefin and the 
like. As the vinyl ester, mention may be made of, for 
example, vinyl acetate, vinyl propionate, vinyl butyrate and 
the like. As the vinyl ether, mention may be made of, for 

10 example, methylvinyl ether, ethylvinyl ether, propylvinyl 
ether, butylvinyl ether, methylisopropenyl ether, 
ethylisopropenyl ether and the like. As the a-olefin, 
mention may be made of, for example, isobutene, 2-methyl-l- 
butene, 2 -methyl- 1-pentene, 2-methyl-l-hexene, 2-methyl-l- 

15 heptene, 2-methyl-l-octene, 2-ethyl-l-butene, 2-propyl-l- 
butene and the like. 

Among the above-mentioned monomers of the unsaturated 
vinyl units, preferred is an acrylonitrile unit, a 
methacrylonitrile unit, a methyl (meth) acrylate unit, an 

20 ethyl (meth) acrylate unit, a propyl (meth) acrylate unit, a 
butyl (meth) acrylate unit, a styrene unit, an a-methyl 
styrene unit or a vinyl toluene unit, and it is preferably 
contained in 30 to 100 % by weight, and preferably 50 to 
100 % by weight in the resin. Furthermore, as used herein, 
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the (meth) acrylic acid alkyl ester means acrylic acid alkyl 
ester or methacrylic acid alkyl ester. 

If the glass transition temperature of the above- 
mentioned resin is 50 °C or higher, production without 
5 generation of blocking at a spray part and aggregation upon 
recovery when the particles are formed becomes possible. 
Considering the particle formation by spray drying, the 
glass transition temperature is from 50°C to 150°C, and 
preferably from 50°C to 110°C. 

10 Further, the weight average molecular weight of the 

above-mentioned resin needs to be in the specific range, 
considering particle formation by spray drying. If the 
weight average molecular weight is 10,000 or more, the glass 
transition temperature does not become too low, and thus 

15 production without generation of blocking at the spray part 
and aggregation upon recovery becomes possible. If the 
weight average molecular weight is 1,000,000 or less, the 
resin is melted by hot air at the time of particle formation, 
so it binds well to the magnetic material, which makes it 

20 possible to obtain a composite composition with high 

sphericity. Considering such points, the weight average 
molecular weight is 10,000 to 1,000,000, and preferably 
20, 000 to 300, 000. 

[Magnetic material] 
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For the kind of the magnetic material used in the 
invention, mention may be made of, for example, a rare earth 
sintering type such as Nd-Fe-B series and Sm-Co series, 
ferrite sintering type such as Ba series, Sr series and La- 
5 Co substitution series, soft ferrite type such as Mn-Zn 
series and Ni-Zn series, and miscellaneously, Al-Ni-Co 
series, Fe-Mn series, Fe-Cr-Co series, Sm-Fe-N series and 
the like. Further, the shape of the magnetic material is 
not especially limited, and the shape such as a circular 
10 shape, a ring shape, an angular shape or a segment shape can 
be applied. 

The smaller size of the magnetic material is more 
suitable for dispersion, but if it is too small, it is 
difficult to handle it. Thus, considering the average 
15 particle diameter and the sphericity of the final 
composition, the longest length in two-dimensional 
projection is preferably 0.01 to 50 |xm, and further 
preferably 0.1 to 10 jam. Further, the amount of the 
magnetic material to be added is 5 to 1,000 parts by weight, 
20 preferably 10 to 800 parts by weight, relative to 100 parts 
by weight of the resin. 

[Production of spherical composite resin] 
The process of adding the magnetic material to the 
aqueous medium having a resin dispersed therein, and then 
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dispersing the material in the medium is not especially 
limited, and a general process can be used, such as a 
process wherein the magnetic material is added and then 
dispersed by a stirring blade, a process wherein dispersion 
5 is carried out with a homogenizer, and other processes. 

Total concentration of the resin and the magnetic material 
in the aqueous medium is preferably 10 to 85 % by weight, 
and further preferably 20 to 80 % by weight. If the total 
concentration is more than 10 % by weight, the concentration 

10 is not low, and thus the productivity is not lowered. If 
the total concentration is less than 85 % by weight, the 
viscosity of the dispersion is not too high, and thus it is 
possible to prevent poor transport into the spray device or 
blocking at the spray part. 

15 Furthermore, in the production of the spherical 

composite composition of the invention, a dispersing agent 
can be used in a combination with the aqueous medium. It is 
preferred that an anion surfactant be contained as the 
dispersing agent. Among them, at least one anion surfactant 

20 selected from an alkylsulf uric acid ester salt, an 

alkylbenzene sulfonic acid salt, an alkylnaphthalene 
sulfonic acid salt, an alkylsulf osuccinic acid salt and a 
fatty acid salt is preferable as the dispersing agent. 
Further, the amount of the dispersing agent to be used is 
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0.1 to 10 parts by weight, and preferably, 0.1 to 5 parts by 
weight, relative to 100 parts by weight of the monomer. 

In the process of producing a spherical composite 
composition of the invention, the magnetic material is added 
5 to an aqueous medium having a resin dispersed therein and 
dispersed in the medium in the above-mentioned manner, and 
then particle formation by spray drying is carried out. The 
spraying method in the spray drying is not especially 
limited, but it may be of a nozzle type, a disk type or 

10 other types. Specifically, in the case of the nozzle type, 
a pressure nozzle type, a pressure two-fluid nozzle type, a 
two-fluid nozzle type or a four-fluid nozzle type can be 
employed, and in the case of the disk type, a pin form disk 
type, a vane form disk type, a Kestner form disk type and 

15 the like. Among these, preferred is a pressure nozzle type, 
a two-fluid nozzle type, a pin form disk type or a vane form 
disk type, considering the long-run in production and the 
particle diameter distribution. The collection method is 
not especially limited, and a one-point collection method, a 

20 two-point collection method or the like can be used. 

Further, the heating source is not also especially limited, 
and an electricity type, a gas type, a vapor type or the 
like can be applied. For the method for contact with hot 
air, a co-current type, a counter-current type or a co- 
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current/counter-current type can be applied. Considering 
the kind and the concentration of the resin or the 
dispersion to be used, and the water content of the 
spherical composite composition after the spray drying, the 
5 spray pressure in the case of the nozzle type and the disk 
rotation number in the case of the disk type are 
respectively controlled such that the average particle 
diameter of the obtained spherical composite composition is 
1 to 100 jam and the sphericity is 0.7 to 1, and preferably 

10 such that the average particle diameter is 5 to 70 jam and 

the sphericity is 0.75 to 1. If the disk rotation number in 
the case of the disk type is 3000 rpm or more, the sprayed 
drop is not so big that the average particle diameter of the 
spherical composite composition does not becomes too large 

15 and at the same time, the spherical composite composition 
can be dried sufficiently. In addition, if the disk 
rotation number is 50,000 rpm or less, the sprayed drop is 
not so small that the average particle diameter of the 
spherical composite composition does not becomes too small. 

20 Considering such points, the disk rotation number is 

preferably 3,000 to 50,000 rpm, and further preferably 5,000 
to 20,000 rpm. In the particle formation by spray drying, 
it is difficult to produce a spherical composite composition 
having the average particle diameter of less than 1 pin, 
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while if the average particle diameter is 1 (am or more, the 
spherical composite particle is not so small that it is 
easy to handle. Further, if the average particle diameter 
is 100 (im or less, the spherical composite particles can be 
5 obtained in high yield after spray drying though it also 

depends on the size of the magnetic material to be blended, 
and the high sphericity of the obtained composite 
composition can be also maintained. 

Furthermore, considering the productivity when 

10 carrying out spray drying and particle formation at the 

same time, a specific range of drying condition is required. 
If the temperature of the inlet for hot air in the spray 
drying device is 100°C or higher, water may be evaporated 
during drying, and at the same time the resin may be melted 

15 to form particles. If the temperature is the temperature 

which is the glass transition temperature of the resin plus 
150°C or lower, continuous operation without generation of 
blocking by aggregation and solidification of the resin at 
the spray part is allowable. Furthermore, if the 

2 0 temperature of the outlet for hot air in the spray drying 
device is 40°C or higher, the process of drying and 
particle formation is sufficiently carried out. If it is 
the temperature which is the glass transition temperature 
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of the resin plus 50°C or lower, it is possible to prevent 
the resin from adhering to the drying chamber and the like, 
which allows continuous operation. Considering such points, 
when carrying out spray drying and particle formation at the 
5 same time, the temperature of the inlet for hot air in the 
spray drying device is from 100 °C to the temperature which 
is the glass transition temperature of the resin plus 150°C, 
and temperature of the outlet for hot air in the spray 
drying device is from 40°C to the temperature which is the 

10 glass transition temperature of the resin plus 50°C. 

Preferably, the temperature of the inlet for hot air in the 
spray drying device spray is from 100°C to the temperature 
which is the glass transition temperature of the resin plus 
100°C, and the temperature of the outlet for hot air in the 

15 spray drying device is from 50°C to the temperature which 
is the glass transition temperature of the resin plus 20°C. 
The composition obtained by the above-mentioned process is a 
spherical composite composition with high sphericity. 
[Resin magnet] 

20 The spherical composite composition with high 

sphericity of the invention as described above, can be used 
as a resin magnet. It can be used as a powder as it is, or 
can be used in various ways such as a powder paint, an 
applying agent as dispersed in water or a solvent, a molded 



SF-1291 

16 

product after a molding process and the like. Further, the 
resin magnet can be used in a motor, an electric generator, 
a rotation controller, a magnet control, a speaker, an 
electromagnetic buzzer, a magnetic therapeutic machine, a 
5 sensor, a magnet chuck and the like. 

[Electric wave absorption material] 
The spherical composite composition with high 
sphericity of the invention as described above, can be used 
as an electromagnetic wave absorption material. It can be 

10 used as a powder as it is, or can be used in various ways 
such as a powder paint, an applying agent as dispersed in 
water or a solvent, a molded product after molding process 
and the like. In addition, the electric wave absorption 
material can be used for an inner wall material of an 

15 electric wave dark room, a material for preventing reception 
interference by reflection of the broadcast wave, a material 
for preventing radar ghost by electric wave reflection and 
the like. 

[Magnetic shield material] 

20 The spherical composite composition with high 

sphericity of the invention as described above can be used 
as a magnetic shield material. It can be used as a powder 
as it is, or can be used in various ways such as a powder 
paint, an applying agent as dispersed in water or a solvent, 
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a molded product after molding process and the like. In 
addition, the magnetic shield material can be used in an 
internal magnetic shield material of an 

electrical/electronic device, a protecting shield material 
5 of a monitor or a magnetic card, as a shield room and the 
like . 

[Magnetic toner material used in the developer of 
electric photograph process] 

The spherical composite composition with high 

10 sphericity of the invention as described above can be used 
as a magnetic toner material for a one-component or two- 
component electric photograph. When it is used as a 
magnetic toner, a charge regulating agent, a surface 
treating agent, carbon black, a coloring agent, a wax and 

15 the like may be further added in the inner part or on the 
surface . 

[Toner carrier material used in the developer of 
electric photograph process] 

The spherical composite composition with high 
20 sphericity of the invention as described above can be used 
as a developing agent for a two-component electric 
photograph as mixed with the toner. When it is used as a 
toner carrier, it can be used as untreated, or can be used 
after carrying out surface treatment, heat treatment and the 
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like. A toner is that in which a coloring agent is 
dispersed in the binding resin. The amount of the toner to 
be contained is not especially limited. When the toner is 
used and consumed for development, it may be suitably added. 
5 Usually, the content of the toner is about 10 to 100,000 
parts by weight, relative to 100 parts by weight of the 
spherical composite product for the carrier. 

Examples 

10 Hereinafter, the present invention will be further 

illustrated with reference to Examples and Comparative 
Examples. The invention is not limited in any way to these 
examples as long as it is not beyond its gist. 
Furthermore, "part" and "%" in Examples and Comparative 

15 Examples are intended to be based on weight. In addition, 
analysis and measurement described in Examples and 
Comparative Examples were carried out according to the 
following methods. 

20 (1) Composition of the resin (% by weight) 

The composition of carbon, hydrogen and nitrogen to be 
contained was measured by elemental analysis [manufactured 
by Yanagimoto Manufacturing, Co., Ltd., CHN CORDER, model: 
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MT-2], and this procedure was repeated three times and 
averaged to determine the composition of the resin. 

(2) Average particle diameter of the resin in the aqueous 
5 medium (jam) 

It was measured by HPPS which is a device for particle 
diameter measurement manufactured by Malvern Instruments Ltd. 
Furthermore, the average particle diameter is a value based 
on volume by dynamic light scattering. 

10 

(3) Glass transition temperature of the resin (°C) 

The temperature of the sample was elevated to 150°C 
under a nitrogen atmosphere, the sample was placed for 3 
minutes at that temperature and then cooled to room 

15 temperature at a temperature lowering rate of 10°C/min. 

Then, when measured using differential scanning calorimetry 
[manufactured by PERKIN-ELMER, model: DSC-7] at a 
temperature elevating rate of 5°C/min, the temperature of 
the cross point between the extension line of the baseline 

20 under the glass transition temperature, and the tangent line 
showing maximum slope from the first starting part of the 
peak to the top point of the peak, was taken as the glass 
transition temperature . 
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(4) Weight average molecular weight of the resin 

It was measured by gel permeation chromatography 
(hereinafter, referred to as GPC) using a mono-dispersed 
polystyrene standard sample as a standard. 
[Measurement device and condition] 

GPC: model: 150-C manufactured by Waters corporation 

Column: model: 2 pieces of Shodex AD-80M/S 
manufactured by Showa Denko Co. 

Solvent: N, N-dimethylf ormamide (containing 0.1 % by 
weight of lithium bromide) 

Flow rate: 0.8 ml/min 

Column temperature: 60°C 

Sample concentration: 0.1 % by weight 

Injection amount: 2 00 |il 

Detector: Refractive index detection type. 

(5) Longest length of the magnetic material (nm) 

Using the photographs taken by an electron microscope, 
the longest lengths of 20 magnetic materials were measured 
and then averaged. 

(6) Productivity in particle formation 

Particle formation was carried out for 2 hours 
continuously by a spray drying device. When nearly no 
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adhesion was found in the spray drying device and no 
solidified substance was generated in the disk of the spray 
part after completing the particle formation, the 
productivity was evaluated as AA; when much adhesion was 
5 found, or a solidified substance was generated in the disk 
of the spray part after completing particle formation, the 
productivity was evaluated as BB; and when much amount of a 
solidified substance was generated in the disk of the spray 
part during particle formation so that operation was not 
10 possible for more than 30 minutes, the productivity was 
evaluated as CC . 

(7) Average particle diameter of the spherical composite 
composition (jam) 

15 Using MT3000EX manufactured by MICRO TRACK CO., LTD., 

it was measured by a dry method. Furthermore, the average 
particle diameter is a value based on volume. 

(8) Measurement of sphericity 

20 Using the photographs taken by an electron microscope, 

(maximum diameters - minimum diameters) of 2 0 spherical 
composite compositions were measured, and then averaged. 
Then, using the value of the average particle diameter of 
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(6), the sphericity was calculated by the following 
calculation equation . 

Value = [average particle diameter -(difference between 
the longest diameter and the shortest diameter in two- 
5 dimensional projection) ] /average particle diameter. 

[Production of the resin] 
[Preparation Example 1] 

15 parts of acrylonitrile, 5 parts of methyl acrylate, 
10 0.407 part of sodium dioctylsulf osuccinate, 150 parts of 
water were .put as raw materials of an initially added 
fraction to a stainless polymerization reactor, and the 
temperature was elevated to 60°C with stirring under a 
nitrogen atmosphere. The mixture was stirred for 30 minutes 
15 as it was, an aqueous solution containing 0.08 part of 

potassium persulfate as a polymerization initiator was added 
to initiate polymerization. 

Next, phosphoric acid was added to regulate pH as 
3±0.3, and , polymerization was continued at 60°C while 
20 continuously adding 60 parts of acrylonitrile, 20 parts of 
methyl acrylate, 1.6 parts of pentaerythritol tetrakis ((3- 
mercaptopropionate) , 1.627 parts of sodium 

dioctylsulfosuccinate and 85 parts of water as raw materials 
of subsequently added fraction. 
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During the addition, phosphoric acid was also 
continuously added for 5 hours starting from the initiation 
of polymerization, so polymerization was carried out for 6 
hours with keeping the pH of the polymerization system as 
3±0.3. When 8 hours passed from the initiation of 
polymerization, cooling was carried out to give a resin [A- 
1] . For this resin, the resin composition, the average 
particle diameter of the resin in the aqueous medium, the 
glass transition temperature and the weight average 
molecular weight were measured according to the above- 
described methods. The results were as follows: 
<Results of the measurement> 

Resin composition: 75% acrylonitrile, 25% methyl 
acrylate 

Average particle diameter of the resin in the aqueous 
medium: 0.22 (jm 

Glass transition temperature: 85°C 
Weight average molecular weight: 120,000 

[Preparation Example 2] 

Polymerization was carried out in the same manner as in 
Preparation Example 1 except that 0.8 part of 
pentaerythritol tetrakis (p-mercaptopropionate) was used in 
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Preparation Example 1, to give a resin [A-2] having the 
following results of the measurement: 
<Results of the measurement> 

Resin composition: 75% acrylonitrile, 25% methyl 
acrylate 

Average particle diameter of the resin in the aqueous 
medium: 0.2 3 |_im 

Glass transition temperature: 86°C 
Weight average molecular weight: 220,000 

[Preparation Example 3] 

Polymerization was carried out in the same manner as in 
Preparation Example 1 except that 4 parts pentaerythritol 
tetrakis (P-mercaptopropionate) were used in Preparation 
Example 1, to give a resin [A- 3] having the following 
results of the measurement: 
<Results of the measurement> 

Resin composition: 75% acrylonitrile, 25% methyl 
acrylate 

Average particle diameter of the resin in the aqueous 
medium: 0.20 (Jin 

Glass transition temperature: 81 °C 
Weight average molecular weight: 30,000 
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[Preparation Example 4] 

Polymerization was carried out in the same manner as in 
Preparation Example 1 while changing the composition of the 
initially added fraction and the subsequently added fraction 
5 of the raw materials as below, to give a resin [A-4] having 
the following results of the measurement: 
<Initially added fraction> 

10 parts of acrylonitrile, 10 parts of methyl 
methacrylate 
10 Subsequently added fraction> 

40 parts of acrylonitrile, 40 parts of methyl 
methacrylate 

<Results of the measurement> 

Resin composition: 50% acrylonitrile, 50% methyl 
15 methacrylate 

Average particle diameter of the resin in the aqueous 
medium: 0.22 jam 

Glass transition temperature: 93°C 

Weight average molecular weight: 130,000 

20 

[Preparation Example 5] 

Polymerization was carried out in the same manner as in 
Preparation Example 1 while changing the composition of the 
initially added fraction and the subsequently added fraction 
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of the raw materials as below, to give a resin [A- 5] having 

the following results of the measurement: 

<Initially added fraction> 

10 parts of acrylonitrile, 10 parts of styrene 
5 Subsequently added fraction> 

40 parts of acrylonitrile, 40 parts of styrene 

<Results of the measurement> 

Resin composition: 50% acrylonitrile, 50% styrene 
Average particle diameter of the resin in the aqueous 
10 medium: 0.24 |im 

Glass transition temperature: 95°C 
Weight average molecular weight: 140,000 

[Preparation Example 6] 
15 Polymerization was carried out in the same manner as in 

Preparation Example 1 while changing the composition of the 

initially added fraction and the subsequently added fraction 

of the raw materials as below, to give a resin [A-6] having 

the following results of the measurement: 
20 <Initially added fraction> 

13 parts of acrylonitrile, 7 parts of butyl acrylate 

Subsequently added fraction> 

52 parts of acrylonitrile, 28 parts of butyl acrylate 

<Results of the measurement> 
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Resin composition: 65% acrylonitrile, 35% butyl 
acrylate 

Average particle diameter of the resin in the aqueous 
medium: 0.22 jam 

Glass transition temperature: 55°C 
Weight average molecular weight: 130,000 

[Preparation Example 7] 

Polymerization was carried out in the same manner as in 
Preparation Example 1 while changing the composition of the 
initially added fraction and the subsequently added fraction 
of the raw materials as below, to give a resin [A- 7] having 
the following results of the measurement: 
<Initially added fraction> 

20 parts of acrylonitrile 
<Subsequently added fraction> 

80 parts of acrylonitrile 
<Results of the measurement> 

Resin composition: 100% acrylonitrile 

Average particle diameter of the resin in the aqueous 
medium: 0.20 jam 

Glass transition temperature: 100°C 
Weight average molecular weight: 130,000 
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[Preparation Example 8] 

Polymerization was carried out in the same manner as in 
Preparation Example 1 except that 0,2 part pentaerythritol 
tetrakis (p-mercaptopropionate) was used in Preparation 
Example 1, to give a resin [A-8] having the following 
results of the measurement: 
<Results of the measurement> 

Resin composition: 75% acrylonitrile, 25% methyl 
acrylate 

Average particle diameter of the resin in the aqueous 
medium: 0.27 |im 

Glass transition temperature: 90°C 

Weight average molecular weight: 1,200,000 

[Preparation Example 9] 

Polymerization was carried out in the same manner as in 
Preparation Example 1 while changing the composition of the 
initially added fraction and the subsequently added fraction 
of the raw materials as below, to give a resin [A-9] having 
the following results of the measurement: 
<Initially added fraction> 

10 parts of acrylonitrile, 10 parts of ethyl acrylate 
Subsequently added fraction> 

40 parts of acrylonitrile, 40 parts of ethyl acrylate 
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<Results of the measurement> 

Resin composition: 50% acrylonitrile, 50% ethyl 
acrylate 

Average particle diameter of the resin in the aqueous 
medium: 0.23 \xra 

Glass transition temperature: 45°C 
Weight average molecular weight: 130,000 

[Magnetic material] 

The kind and the longest length in two-dimensional 
projection of the magnetic material used in Examples and 
Comparative Examples of the invention are as follows: 

B-l: FL-900 (ferrite) manufactured by Toda Kogyo Corp. 
the longest length of 1.6 |xm, 

B-2: FH-800 (ferrite) manufactured by Toda Kogyo Corp. 
the longest length of 1.4 |xm, 

B-3: Wellmax P-10 (Sm-Co series) manufactured by 
Sumitomo Metal Industries, Ltd., the maximum length of 5.3 
(im, 

B-4: Neo40 (Nd-Fe-B series) manufactured by Seiko 
Sangyo, Co., Ltd., the maximum length of 4.1 |im, 

B-5: SAN40 (Al-Ni-Co series) manufactured by Seiko 
Sangyo, Co., Ltd., the maximum length of 8.5 \m. 
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[Examples 1 to 16 and Comparative Examples 1 to 8] 

To an aqueous medium wherein any of the resins (A-l to 
A-9) obtained in Preparation Examples 1 to 9 was dispersed, 
any of the magnetic materials (B-1 to B-4) was added in the 
5 compositions a shown in [Table 1] to [Table 3], which was 
stirred for 30 minutes. Then, particle formation by spray 
drying was carried out using LT-8 which is the spray drying 
device manufactured by Ohkawara Kakouki Co., Ltd. under the 
conditions of [Table 1] to [Table 3] . Furthermore, the type 
10 of the spray was the disk type, and the collection method 
was 2 point collection type. 



[Table 1] 





Example No. 


1 


2 


3 


4 


5 


6 


7 


8 


Composition 


Kind of the 
resin 


A-l 


A-l 


A-l 


A-l 


A-l 


A-l 


A-l 


A-l 


Composition 
of the 
resin 
(part) 


100 


100 


100 


100 


100 


100 


100 


100 


Kind of the 
magnetic . 
material 


B-1 


B-2 


B-3 


B-4 


B-5 


B-1 


B-1 


B-1 


Composition 
of the 
magnetic i 
material 
(part) 


100 


100 


100 


100 


100 


600 


200 


10 


Condition 

for 
particle 
formation 


Inlet 
temperature 
of hot air 
(°C) 


120 


120 


120 


120 


120 


120 


120 


120 
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Outlet 
temperature 
of hot air 
(°C) 


65 


65 


65 


65 


65 


65 


65 


65 


Disk 
rotation 
No. (rpm) 


18, 000 


18, 000 


18, 000 


18, 000 


18, 000 


18, 000 


18, 000 


18 000 


Total concentration of 
the resin and the 
magnetic material in the 
aqueous medium (% by 
wei ght ) 


46 


46 


46 


46 


46 


75 


56 


32 


Productivity 
forme 


in particle 
ition 


AA 


AA 


AA 


AA 


AA 


AA 


AA 


AA 


Properties 

of the 
composite 
composition 


Average 
particle 
diameter 
(Mm) | 


35 


38 


33 


34 


37 


36 


42 


31 


Sphericity 


0.85 


0.83 


0.88 


0.84 


0.83 


0.81 


0.86 


0.85 



[Table 2] 







Example No. 






9 


10 


11 


12 


13 


14 


15 


16 




Kind of the 
resin 


A-l 


A-l 


A-2 


A- 3 


A- 4 


A- 5 


A- 6 


A- 7 




Composition 
of the 
resin 
(part) 


100 


100 


100 


100 


100 


100 


100 


100 


Composition 


Kind of the 
magnetic 
material 


B-1 


B-1 


B-1 


B-1 


B-1 


B-1 


B-1 


B-1 




Composition 
of the 
magnetic 
material 
(part) 


100 


100 


100 


100 


100 


100 


100 


100 


Condition 

for 
particle 
formation 


Inlet 
temperature 
of hot air 
(°C) 


140 


120 


120 


120 


140 


140 


120 


180 




Outlet 
temperature 
of hot air 
(°C) 


65 


75 


65 


65 


70 


70 


55 


70 
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Disk 
rotation 
No . ( rpm) 


18, 000 


18, 000 


18, 000 


18,000 


18,000 


18, 000 


18,000 


18, 000 


Total concentration of 
the resin and the 
magnetic material in the 
aqueous medium (% by 
weight) 


46 


46 


46 


46 


46 


46 


46 


46 


Productivity in particle 
formation 


AA 


AA 


AA 


AA 


AA 


AA 


AA 


AA 


Properties 

of the 
composite 
composition 


Average 
particle 
diameter 


35 


36 


37 


33 


35 


36 


32 


33 


Sphericity 


0.85 


0.83 


0.83 


0.84 


0.81 


0.84 


0.88 


0.92 


[Table 3] 




Comparative Example No. 


i 
j- 






A 


c 
O 


c. 


—i 

I 


8 


Composition 


Kind of the 
resin 


A- 8 


A- 8 


A- 9 


A- 9 


A-l 


A-l 


A-l 


A-l 


Composition 
of the 
resin 
(part) 


100 


100 


100 


100 


100 


100 


100 


100 


Kind of the 
magnetic 
material 


B-l 


B-l 


B-l 


B-l 


B-l 


B-l 


B-l 


B-2 


Composition 
of the 
magnetic j 
material 
(part) 


100 


100 


100 


100 


100 


100 


1500 


1500 


Condition 

for 
particle 
formation 


Inlet 
temperature 
of hot air 
<°C) 


120 


140 


120 


115 


240 


95 


120 


120 


Outlet 
temperature 
of hot air 
(°C) 


65 


65 


65 


65 


150 


60 


65 


65 


Disk 
rotation 
No . ( rpm) 


18, 000 


18,000 


18, 000 


18, 000 


18, 000 


18, 000 


18,000 


18, 000 


Total concentration of 


46 


46 


46 


46 


46 


46 


87 


87 
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the resin and the 
magnetic material in the 
aqueous medium (% by 
weight) 


















Productivity in particle 
formation 


AA 


AA 


BB 


CC 


CC 


BB 


CC 


CC 


Properties 

of the 
composite 
composition 


Average 
particle 
diameter 
(Mm) 


19 


21 


32 






43 






Sphericity 


0.42 


0.51 


0.81 






0.83 







[Reviews of Examples] 

Any of the spherical composite composition of the 
invention (Examples 1 to 16) is excellent in productivity 
5 and physical properties of the product (the average particle 
diameter and the sphericity) . 

On the other hand, when the weight average molecular 
weight of the resin is more than 1,000,000 (Comparative 
Examples 1 and 2), the resin is difficult to melt, and thus 

10 formed powders are not bound (bound by the melting of the 
resin) and the sphericity becomes low. When the glass 
transition temperature of the resin is lower than 50 °C 
(Comparative Examples 3 and 4), the resin is aggregated or 
solidified in the disk of the spray parts of the spray dryer, 

15 and thus the productivity is poor. When the inlet 

temperature of hot air is higher than the temperature which 
is the glass transition temperature of the resin plus 150°C 
(Comparative Example 5), the resin is aggregated or 
solidified in the disk of the spray parts and production is 
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not possible. When the inlet temperature of hot air in the 
spray drier is 100°C or less (Comparative Example 6), drying 
is not enough in the drying chamber of the spray dryer, so 
the resin contains a lot of water and adheres to the drying 
5 chamber, and thus the productivity is poor. In addition, 

when the amount of the magnetic material to be added is more 
than 1,000, relative to 100 parts by weight of the resin 
(Comparative Examples 7 and 8), the produced powders are not 
bound and the sphericity becomes low. 

10 

Industrial Applicability 
The spherical composite composition with high 

sphericity of the present invention comprising a resin 

containing unsaturated vinyl units and a magnetic material, 

15 can be well used in applications such as a resin magnet, an 
electric wave absorption material, a magnetic shield 
material, a magnetic toner material and a toner carrier 
material. Furthermore, the process of producing a spherical 
composite composition of the present invention is simple and 

20 has good productivity without the need of two or more 

production steps, whereby it is a process which is very 
valuable industrially. 



